Human cytomegalovirus (HCMV) is a clinically highly relevant Herpesvirus. Lacking a suitable animal model, HCMV's strict species specificity is a major obstacle for the characterization of biological and pathogenic viral phenotypes. Electron microscopy is a suitable tool to characterize viral phenotypes, unraveling viral morphogenesis. We used advanced EM technologies to visualize the HCMV final envelopment processes in the viral assembly complex. Three-dimensional visualization using STEM tomography and serial sectioning was used to study HCMV final envelopment at high resolution.
Human cytomegalovirus (HCMV) is a clinically highly relevant Herpesvirus. Lacking a suitable animal model, HCMV's strict species specificity is a major obstacle for the characterization of biological and pathogenic viral phenotypes. Electron microscopy is a suitable tool to characterize viral phenotypes, unraveling viral morphogenesis. We used advanced EM technologies to visualize the HCMV final envelopment processes in the viral assembly complex. Three-dimensional visualization using STEM tomography and serial sectioning was used to study HCMV final envelopment at high resolution.
Infected cells were rapidly cryo-immobilized by high pressure freezing in order to overcome the disadvantages of traditional chemical fixation. High pressure freezing in combination with freeze substitution grants superior preservation of subcellular structures and is favorable for the examination of dynamic processes like virus envelopment. STEM tomography was applied as described [1] to visualize virus-vesicle interactions with high resolution (Fig. 1) . A limiting disadvantage of STEM tomography is that only a relatively small volume (the Z height is limited to ~1 micron) of the infected cell can be imaged.
The more traditional method of serial sectioning was used for three dimensional visualization of the whole HCMV assembly complex [2] (Fig. 2) . The viral assembly complex is the specific area in the cytoplasm of HCMV infected cells in which final envelopment of viral particles occurs. The assembly complex exhibits distinct local membrane compositions: early endosomes in its central region, and vesicles characterized by Golgi markers in its periphery. This led us to speculate that budding events might occur preferentially in either the central or the peripheral area of the assembly complex.
Using the 3D high resolution afforded by both STEM tomography and serial sectioning on high pressure frozen HCMV-infected cells, it was possible to determine the distribution of enveloped and non-enveloped virus particles throughout the area of the assembly complex. Contrary to our hypothesis, quantitative analysis revealed that the events of final envelopment are equally distributed within the assembly complex irrespective of the local membrane composition [2, 3]. 
